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In experiment 1, two P-deficient diets (1.2 g/kg DM) poor (LPLCa) or rich (LPHCa) in Ca led to lower phosphatemia, decreased appetite and a negative or zero P balance. The effects of P deficiency were amplified by excess Ca.
In experiment 2, two diets containing 1.5 g of P/kg DM and poor (LPLCa) or rich (LPHCa) in Ca were compared to a control diet (NPNCa). The two low-P diets did not produce any evident signs of deficiency and thus permitted minimal endogenous fecal loss of P to be evaluated at 24 mg/kg of live weight/day. This result confirms the figure adopted by INRA (1978) as the minimal maintenance requirement for P in sheep.
Introduction.
Feeding a phosphorus-deficient diet has harmful effects on appetite, phosphatemia, growth and bone mineralization. These effects are amplified by the intake of excess calcium. In spite of numerous studies analyzing the influence of phosphorus deficiency in sheep (Preston and Pfander, 1964 ; Compere, 1967 ; Nel and Moir, 1974 ; Field, Suttle and Nisbet, 1975 ; Bonilla, 1976) , the minimal requirement for phosphorus in this species is still the object of a strong controversy, resulting mainly from differences in the estimation of minimal endogenous losses.
It is now admitted that endogenous fecal excretion of P is not constant, representing an intestinal pathway for the excretion of excess absorbed P. This excretion into the digestive tract is higher when P intake is high and when there is more salivary secretion, i.e. if the ration has a high fiber content (Gu6guen, 1963 ;  ( * ) For reprints. Compere, 1967 ; Tomas, 1974) In experiment 1, the overall effects of low intake (1.2 g or 1.3 g of P/kg of total dietary DM) were studied in the presence of a deficiency (2.7 g/kg DM) or an excess (10.9 g/kg DM) of Ca (LPLCa and LPHCa diets, respectively). In experiment 2, two low-P diets (1.5 g/kg total DM), poor (3.2 g/kg DM) or rich (12.4 g/kg DM) in Ca (LPLCa and LPHCa diets, respectively), were compared to a control diet (NPNCa) having normal levels of P (3.6 g/kg DM) and Ca (7.5 g/kg DM The lambs were first adapted gradually for 3 weeks to a purified diet containing urea ; then, after they had been divided into homogeneous lots according to mean weight, they were adapted again to the various experimental diets for 4 weeks, one of which they spent in metabolism cages.
During the balance periods, we measured the amounts of purified diet and straw ingested each day and a representative sample was taken for analysis. The feces and urine were collected separately over 5 days. The blood was sampled every 5 days. Experiment 1. -The two 10-day balance periods were separated by a 14-day interval in both lots of 4 animals each. We measured the ingestion and fecal excretion of dry matter, P and Ca. P and Ca in the urine were not assayed. Experiment 2. -The same parameters as those in experiment 1 were measured in the three lots of 4 animals each during a classical 10-day balance period. Besides this, urinary excretion of P and Ca was measured. At the end of this period, we used the isotopic dilution method (Lofgreen and Kleiber, 1954) described by Gu6guen (1962) on 3 animals per lot to determine endogenous fecal excretion of P. After subcutaneous injection of 37 MBq of 32 P in the form of disodium phosphate, blood samples were taken on days 8, 11 and 14 and fecal samples every day between days 9 and 15. The calculation of the ratio of specific radioactivity of plasma and fecal P took into account a 2-day difference between the maximum in the plasma and that in the feces.
3. Analytical methods.
Samples of the diet and feces were ashed in an oven at 550 °C and then put in an acid solution before determination of P and Ca ; P and Ca were also determined in previously acidified samples of urine after simple dilution. P was assayed by the vanado-molybdate procedure and Ca was determined by flame emission spectrophotometry (Eppendorf apparatus).
The blood samples were centrifuged immediately and the plasma was deproteinized by trichloracetic acid (10 %). Inorganic phosphorus was assayed by the method of Chen, Toribara and Warner (1956) .
Radioactivity was measured in deproteinized plasma and in diluted solutions of fecal ash by the Cerenkov effect using a liquid scintillation counter (Beckman LS 9000).
Student's two-tailed t-test was used to compare the means.
Results.
1. Dietary intake and animal growth. &horbar; In experiment 1, the excess of Ca significantly decreased (P < 0.05) the appetite of the lambs : the levels of dry matter ingested were 1 107 ± 38 and 937 ± 71 g/day for the LPLCa and LPHCa diets, respectively.
In experiment 2, the amounts of ingested dry matter were 1 047 ± 15, 1 033 ± 37 and 1 040 ± 38 g/day for the NPNCa, LPLCa and LPHCa diets, respectively. The effect of the P deficiency on appetite did not appear in this experiment because the deficiency was less pronounced (1.5 g/kg instead of 1.2 g/kg) and also because the amount of diet offered was rationed in order to limit refusals.
It is difficult to estimate exactly daily weight gain during a balance period. Over 2 months, mean daily weight gain was the following (in g) : Urinary Ca excretion was low but not negligible (table 5) . Apparent absorption and retention increased as intakes increased but, in experiment 2, the amount of Ca retained from the LPHCa diet was not significantly higher than that of the NPNCa diet, P deficiency being a limiting factor of Ca retention.
Endogenous fecal excretion of Ca has been calculated (table 5) using a theoretical mean of 18 mg/kg live weight/day (Braithwaite, 1982) . Thus, the coefficient of true absorption decreased in a linear way when Ca intake increased.
Discussion.
The figures adopted in the latest report of the Agricultural Research Council (A.R.C., 1980) for the minimal maintenance requirement of P in sheep are very low and need to be checked with animals fed a low-P diet.
It seems clear that the conditions of experiment 1 11.2 g of P/kg DM) in the present study are those of a severe P deficiency that was manifested by a decrease in appetite, hypophosphatemia and a very low or negative P balance incompatible with normal animal growth. The amounts of diet ingested spontaneously were lower than those recorded by Beaumatin (1981) in 12 lambs of the same age fed an identical diet but with normal Ca and P levels (1 193 ± 11 g of DM/day).
These results agree well with those of authors studying P deficiency (Preston and Pfander, 1964 ; Bonilla, 1976 ; Gartner et al., 1982) and associated Ca excess (Nel and Moir, 1974 ; Field, Suttle and Nisbet, 1975). Contrary to the hypothesis of Field, Suttle and Nisbet (1975) , the decrease in appetite resulting from P deficiency associated with Ca excess does not appear to be due, in the present case, to a drop in DM digestibility (71.1 % for both diets), which was not reported either by Preston and Pfander (19641, Nel and Moir (1974) or Witt and Owens (1983) . This decrease in appetite would rather seem to be the result of a metabolic regulation (Henry, Guéguen and Rérat, 1978) , although neither transit rate (Field, 1981) nor dilution rate in the rumen (Durand et al., 1983) can be excluded.
Even though we could not study the effect of the diet on appetite in experiment 2 because the amount of diet given was limited to ensure constant intake, the level of 1.5 g of P/kg DM did not appear to have a negative effect on food intake.
Phosphatemia was lower when dietary P levels were low ( fig. 1) , as previously observed by many authors (Preston and Pfander, 1964 ; (parathyroid hormone and/or calcitonin) blocking bone resorption. If we admit that the lower threshold of normal phosphatemia is about 4 mg/dl, it is clear that the diet containing 1.2 g of P/kg (experiment 1) leads to hypophosphatemia ; this did not occur with the diet containing 1.5 g/kg (experiment 2), except when there was an excess of Ca. The effect of P deficiency on phosphatemia is more pronounced in growing lamb (experiment 1) than in adult sheep given an identical diet (Durand et al., 1982) .
Without an LPNCa diet we could not study the effect of P deficiency on Ca metabolism. However, if Ca and P are retained in a normal ratio of 1.5 : 1 in sheep given the NPNCa diet, this ratio is much higher in sheep given the LPHCa diet. This suggest that a low level of P did not prevent a normal amount of Ca from being retained when the diet contained a high level of Ca (table 5) . On the contrary, both LPLCa diets were too deficient in Ca (2.7 and 3.2 g/kg DM) and did not permit Ca retention compatible with normal growth. The endogenous fecal loss of Ca is independent of dietary Ca supply but increases with the amount of DM ingested (Braithwaite, 1982) . In the present study, it was taken to have a value of 18 mg/kg live weight/day, which allowed us to check the usual inverse linear relationship between the true absorption coefficient and the amount ingested (table 5) . It is interesting to note that this coefficient was 39 % for the low-Ca diet, thus confirming the low values we obtained previously (Guéguen and Durand, 1976) with similar levels and showing that the figure of 68 % adopted by A.R.C. (1980) is an overestimation.
The main interest of the present study is that it permitted us to study the regulation of P metabolism and evaluate the minimal maintenance requirement in animals given a low-P diet and in normal physiological conditions such as those in experiment 2 (1.5 g of P/kg DM). Indeed, it is clear that a level of 1.2 g/kg (experiment 1) was lower than the minimal requirement because it led to a negative P balance, hypophosphatemia and decreased appetite.
With the control diet (NPNCa), phosphatemia was high and urinary P excretion considerable in one of the 4 sheep, showing that the process of excretion into the intestine, particularly by the saliva, was saturated when there was an excess of absorbed P (Compere, 1967 ; Field, 1981) or that the renal threshold is lower for some animals (Scott and McLean, 1981) . Indeed, true P absorption was very high (82.7 %), all the P being supplied by very available dicalcium phosphate. To allow the excess absorbed P to be eliminated, endogenous fecal excretion was high (2.07 g/day or 60 mg/kg of live weight/day). This elevated value agrees with previous observations at comparable intake levels (Compere, 1967 ; Guéguen, Foret and Durand, 1976 ; Grace, 1980) . It is well known that this endogenous loss is then much higher than the strict maintenance requirement (Guéguen and Durand, 1976 (INRA, 1978) but they are double the figure of 12 mg adopted by A.R.C. (1980) Field (1983) , there may be an inverse relationship between the maintenance requirement for P and the absorbability of dietary P, endogenous fecal loss being low when absorbability is high. However, this would not explain our disagreement because, in our experiment, P absorbability is always very high (77 to 84 %1. ).
In conclusion, minimal endogenous fecal loss of P measured in growing lambs given a low-P diet and in normal physiological conditions would be about 24 mg/kg/day, leading to a maintenance requirement closer to the one proposed by INRA (1978) than to the low figure adopted by A.R.C. (1980 
